
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Nucleophilic and electrophilic platinum compounds for C-H bond activation

Duin, M.A.

Publication date
2004

Link to publication

Citation for published version (APA):
Duin, M. A. (2004). Nucleophilic and electrophilic platinum compounds for C-H bond
activation. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/nucleophilic-and-electrophilic-platinum-compounds-for-ch-bond-activation(1d638bb2-fa47-436d-adbb-17af4f74e0ad).html


Chapte rr  4, Part B 

InIn Situ Generate d Cationi c Platinum(ll ) Comple x for C-H 

Activatio nn of Hydrocarbon s 

4.66 Introductio n 

Thee selective activation and functionalization of aliphatic hydrocarbons is of great interest."'21 

Thee activation of C-H bonds by transition metals is thermodynamically not a difficult process, but 

thee selective activation of C-H bonds of specific sp3-carbon atoms is troublesome.'3"51 

Inn recent years several new alkane oxidations have been discovered that utilize electrophilic 

latee transition metals in strongly acidic media (e.g. CF3CO2H, H2SO4 ).'2A6"9] Such activation 

reactionss are performed under harsh conditions, explicitly under highly acidic conditions in aqueous 

solutionss containing trifluoroacetic acid or sulphuric acid.'810"131 Another problem of these reaction 

conditionss is the low solubility of the alkanes in aqueous media, resulting in low reaction rates. The 

solubilityy of alkanes in these polar media, which are needed for the catalyst, can be improved by 

usingg micelles'14'151 or ionic liquids.'16"181 In our group, inverted micelles have been used in a way 

thatt the catalyst/water mixture came in close contact with the alkanes.'19' By this method selective 

C-HH activation of «-heptane and methylcyclohexane at the terminal C-atoms was found with 

Na2PtCl44 as catalyst (see Scheme 4.7). This method is an example of a mild and selective route for 

C-HH activation of hydrocarbons, but the surfactant was not stable enough towards hydrolysis for 

longerr reaction times and platinum metal was found after the reaction. 

Aqueouss core 

interfacee interface 

^^^/^HH + D2O
 C a t ' P t  / \ ^ ^ ^ ^ D + HDO 

AOT T 

Schemee 4.7 H,D-scrambling in alkanes by Pt" using inverted micelles 
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Too prevent degradation of the surfactant and decomposition of platinum metal, we like to 

investigatee ionic liquids as medium for this C-H bond activation of hydrocarbons. Room 

temperaturee ionic liquids are nowadays widely used as solvents for synthesis and catalysis.1'6"181 

Thesee solvents are stable under a reductive as well as an oxidative environment1201 and therefore 

couldd be quite suitable for performing C-H activation reactions. 

Ass has been described in part A of this chapter, platinum(0)(carbene)bis(alkene) complexes 

reactt with imidazolium salts to give hydridoplatinum(II)bis(carbene) complexes. Such species will , 

therefore,, be inherently present in ionic liquids in which Pt(0)carbene compounds are introduced. 

Thee resulting ionic hydridoplatinum species may be electrophilic enough to activate C-H bonds of 

selectedd hydrocarbons. Hence, we investigated the cationic [HPt(carbene)2] [BF4] complexes that 

aree formed by reaction of (IMes)Pt(dmfu)2 (1) with the NHC-based ionic liquids (l-ethyl-3-

methyl)-imidazoliumm tetrafluoroborate ([emim][BF4], n) and (l-butyl-3-methyl)-imidazolium 

tetrafluoroboratee ([bmim][BF4], m) in the C-H activation of hydrocarbons, similar to that as been 

reportedd for e.g. cationic (diimine)Pt(II)aqua complexes.1211 As has been described in part A of this 

chapter,, the cationic [(carbene)2PtH] [BF4] complexes (3) are not stable for extended periods of time 

duee to reductive elimination of imidazolium salt. We wanted to find out if this instability might be 

overcomee by using an ionic liquid, i.e. an imidazolium salt, as solvent which might again 

oxidativelyy add and lead to a fast reformation and thus give stabilization of the bis-carbene platinum 

complex. . 

r r 
|§»-H H 

NN B F " 

nn m 
[emim][BF4]] [bmim][BF4] 

Figuree 4.5 NHC-based ionic liquids 

4.77 Results and Discussion 

4.7.11 C-H activation of aromatic and aliphatic C-H bonds 

Thee reactivity of the cationic bis(carbene) platinum(II) hydride complexes towards benzene 

C-HH bonds was examined by preparing it in situ in a mixture of benzene and an ionic liquid. Under 

ann atmosphere of dinitrogen, a Schlenk tube was charged with benzene-̂ as reactant, and 
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[bmim][BF4]]  (m) as reactant and solvent. Adding platinum(O) precursor 1 and heating for 48 hrs. at 

755 °C in an NMR tube results in a fast reaction of 1 with m to give 3m. Compound 3m is now the 

activee catalyst which we expected to be reactive in C-H bond activation of hydrocarbons. A blank 

wass used as reference material, this was devoid of 1. 

BF. . 4 4 -22 dmfu 
B F A A 

1 1 

RR = COOMe 

Schemee 4.8 In situ generation of a cationic bis(carbene) platinum(II) hydride 3m 

Whenn the 2H NMR spectra of the reaction mixture and the blank were compared at this stage 

off  the reaction (see Figure 4.6), a very strong new signal had appeared, which was practically 

absentt in the blank. The new signal appears at 5 = 1.9 ppm. Since the chemical shift values in H 

NMRR and 2H NMR spectra are almost identical,*  the new signal has to be assigned to a methyl 

proton,, or rather deuterium. 

CH2D D 

Schemee 4.9 Deuterium-transfer catalyzed by 3m 

Ass no other new signals were to be found in the 2H NMR spectrum, it seems that selective 

incorporationn into a methyl group of the imidazolium salt has taken place. Since the only deuterium 

sourcee in the experiment is benzene-d6, selective transfer of deuterium to a methyl-group of the 

imidazolium-saltt has occurred catalyzed by in situ formed 3m. The overall reaction is depicted in 

Schemee 4.9. 

Althoughh the dispersion is much smaller in 2H NMR as compared to 'H NMR, chemical shifts are almost identical.122 
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ii  100.0 

[J5ÏÏ] ] 

100.00 I 

Figur ee 4.6 2H NMR spectra of C-H activations in [bmim][BF4] after 48 hrs at 75 "C. Upper 

spectrum,spectrum, with in situ generated 3m. Lower spectrum, blank reaction (without in situ generated 

3m).3m). (Cf,D(,.nHn) has been set on 7.2 ppm and set on a integrated area of 100 a. u. 

However,, when the reaction is performed in [emim][BF4] (n) under identical reaction 

conditionss as in [bmim][BF4] (m), fast degradation to platinum black takes place. So, the shorter 

alkyll  chain on the imidazolium salt results in a less stable in situ formed 3n as compared to 3m. 

Probably,, in the case of [bmim][BF4] (3m), a (3-agostic interaction between the platinum-center and 

thee C-H bond of the methyl of the C-4 chain provides additional stabilization of the cationic 

complexx in the form of 3m'  (see Scheme 4.10), which is less favorable for the analogue 3n'. Such 

stabilizationss via a P-agostic interaction are known for butylplatinum complexes, as was shown by 

Spencerr et al.[23] by an X-ray crystal structure determination for a cationic platinum(II) complex 

afterr insertion of an alkene in a Pt-H bond. It could thus serve as a resting state in case of m/3m, but 

nott for n/3n. 
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Schemee 4.10 Proposed mechanism f or H,D-scrambling catalyzed by 3m. 

Inn Scheme 4.10 a mechanism is proposed for the selective transfer of deuterium from 

benzene-̂̂  to a methyl-group of [bmim][BF4] (m). First, oxidative addition of a C-D bond of 

benzene-̂̂  to 3m is expected to take place, forming a PtIV-intermediate A. Then reductive 

eliminationn of benzene-ds could occur, resulting in a deuterio platinum bis(carbene). This complex 

mayy react with m to give again a PtIV-intermediate (B). Then reductive elimination of [bminxii] 

couldd take place, to give back 3m. A nucleophilic mechanism concerning Pt°/Ptn-intermediates is 

alsoo possible, but this route is less likely to occur due to the large excess of m. 

4.7.22 Oxidatio n reaction s 

Attemptss to functionalize hydrocarbons, in this case oxidation of the hydrocarbons by 

introductionn of dioxygen to the [bmim][BF4]/benzene/3m-system, did not result in detectable 

amountss of oxidized products. Also addition of stronger oxidizing agents like 02/Cu(BF4)2, and 

H2O22 did not result in oxidized products. However, this approach can be successful when using an 

inin situ generated (carbene)palladium complex, (SIMes)Pd(n4-dba). This complex was able to 

oxidizee benzylalcohol to benzaldehyde using molecular oxygen in common organic solvents, e.g. 

toluene.. During the reaction metallic Pd was deposited. Addition of triethyl amine did improve the 

stabilityy of the catalyst considerably, however the maximum conversion to benzaldehyde was 80% 

basedd on GC, but no over-oxidation to benzoic acid was observed. 
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Whenn imidazolium based ionic liquids were employed as the solvent for this reaction with 

molecularr oxygen, no oxidation of the benzylalcohol was observed. In this case a stable complex 

wass formed as seen by a fast color change from red to yellow after addition of the ionic liquid.[24] It 

wass not possible to extract this new complex from the ionic liquid, in order to establish the exact 

compositionn of this new Pd-complex. 

4.88 Conclusion s 

Thee in situ formed cationic hydrido platinum bis(carbene) 3m, obtained from the reaction of 

Pt(IMes)(dmfu)22 with the ionic liquid [bmim][BF4] in which it is dissolved, offers a very mild and 

selectivee route for the C-H bond activation of CH3 groups in hydrocarbons and of non-activated 

aromaticc C-H bonds. Selective transfer of deuterium from benzene-̂ to CH3 groups of 

[bmim][BF4]]  has been achieved. The platinum catalyst 3m was very stable, which is possibly due to 

aa P-agostic interaction, which cannot pertain in the case when [emim][BF4] was used. The 

methodologyy described could imply an efficient, selective catalytic deuteration of Ctb-groups of 

alkyll  chains of ionic liquids consisting of [alkyl-imidazolium]tetrafluoroborates, using CÖDÖ as a 

relativelyy cheap source of the D-label. 

4.99 Experimenta l Sectio n 

4.9.11 General 

Alll  NMR experiments were carried out under a dinitrogen atmosphere. Benzene-̂ was dried 

overr sodium wire and distilled prior to use. l-n-butyl-3-methyl imidazolium tetrafluoroborate and 

l-ethyl-3-methyl-imidazoliumm tetrafluoroborate, both purchased from Acros were dried overnight in 

vacuovacuo at 70 °C. NMR experiments were performed on a Varian Inova500 spectrometer ('H: 499.88 

MHz,, 2H: 76.737 MHz) and on a Bruker DRX300 spectrometer ('H: 300.13 MHz, 2H: 46.073 

MHz).. Positive chemical shifts (§) are denoted for high-frequency shifts relative to TMS (!H), or an 

internall  standard; benzene-rfx (
2H). 

4.9.22 NMR experiment s 

Too 1.5 ml [bmim] [BF4] (m) 0.050 ml of benzene-̂ was added. The mixture was split in two equal 

amounts,, which were each added to a 5 mm NMR tube under a dinitrogen-atmosphere. To one of 
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thee tubes, 2.0 mg platinum(0)(13-dimesityl-inüdazol-2-ylidene)-bis-(Ti2-dimethylfumaraat) (1) was 

added.. Both the clear pale yellow solutions were placed in an oil bath at 75 °C and heated for 48 

hrs,, after which time [H and 2H NMR spectra were taken at ambient temperature. 
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